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'suggested  to  the  problem  solver  so  that  its  decisions  do  not  all  have  to  be 
made  starting  from  scratch.  This  lessens  the  search  space,  and  also  serves  as 
a  way  of  shortcutting  the  constraint  satisfaction  process.  Third,  if  abstract 
schemata  can  be  derived  from  cases  that  have  been  seen  previously,  generalized 
knowledge  can  be  augmented.  This  allows  real  shortcuts  in  problem  solving. 
Decisions  that  previously  took  several  steps  in  reasoning  tp  make  may  become 
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Extending  Problem  Solv«r  Capabilities  Through  Casa-Based  Inference* 


Janet  L.  Kotodnar 

School  of  information  and  Computer  Science 
Georgia  Institute  of  Technology 
Atlanta,  GA  30332 


1.  Background 

Over  the  past  several  years,  the  research  group  at  Georgia  Tech  has  been  engaged  in  a  study  of  case-based  reason¬ 
ing.  In  case-based  reasoning,  the  problem  solver  makes  Its  Inferences  based  directly  on  previous  cases  rather  than  by  the 
mors  taditional  approach  of  using  general  knowledge.  Case-based  reasoning  results  in  several  enhance  man  la  to  problem 
solving  behavior  over  time.  First,  recall  of  previous  failures  warns  the  problem  solver  of  potential  for  lalure  and  allows  the 
problem  solver  to  avoid  making  mistakes  made  previously.  Second,  previous  decisions  that  have  bean  made  previously  are 
suggested  to  the  problem  solver  so  that  Its  decisions  do  not  have  to  all  be  made  from  scratch.  This  lessens  the  search 
space  and  also  Is  a  way  of  shortcutting  the  constraint  satisfaction  process.  Third,  If  abstract  schemata  can  be  derived  from 
cases  that  have  been  seen  previously,  generalized  knowledge  can  be  augmented.  This  allows  real  shortcuts  In  problem 
solving.  Decisions  that  previously  took  several  reasoning  steps  to  maka  may  be  posable  through  apples tl on  of  a  general- 
teed  schema. 

S.  Making  a  Case-Based  Inferenea 

Making  a  case-based  inference,  In  the  simplest  case,  Includes  the  folowfng  eel  of  steps: 

1.  Recall  a  previous  case 

2.  Focus  on  appropriate  parte  of  that  case 

3.  Use  those  parts  of  the  previous  csss  to  derive  an  appropriate  decision  for  the  new  case 

Recall  of  a  previous  case  is  done  by  probing  the  memory.  According  to  Schenk's  (1B82)  MOPs  theory,  understanding  of  a 
new  Input  (case)  Includes  finding  the  beet  knowledge  In  memory  that  can  be  used  to  make  predictions  kom  It.  Finding  this 
knowledge  la  equivalent  to  Integrating  the  new  oaee  with  what  la  already  h  the  memory.  As  reasoning  la  going  on,  accord¬ 
ing  to  this  theory,  memory  is  constantly  being  probed  and  updated,  the  case  la  getting  better  Integrated,  and  better 
knowledge  to  use  in  making  predictions  about  the  case  la  being  derived.  According  to  the  same  theory,  generalized 
knowledge  and  Individual  cases  are  organlzsd  together  In  the  same  memory  (eee  Kolodner,  1984;  Labowltz,  1983  for  means 
of  Implementing  such  a  memory).  As  a  result,  as  a  case  la  being  understood  and  Integrated  Into  memory,  both  ganarelteed 
knowledge  and  individual  cases  become  avalable  to  use  In  further  processing  It.  It  la  the  oases  that  are  encountered  during 
this  understanding  process  that  become  available  for  case-based  Inference. 

*  This  work  Is  supported  in  psn  by  NSF  under  (Vent  No.  1ST -6317711  end  Grant  No.  I  ST -S 8063 82,  by  ARO  undr 
Contract  No.  DAA328-65-K-0023,  and  by  ARI  undr  Contract  No.  MDA-603-66-C-173. 
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Any  particular  case  that  is  racalad  could  ba  quits  largo.  The  entire  ease  la  not  nacaaaary  for  making  a  casa-baaad 
Inference.  In  tact,  lha  whole  case  with  al  of  Ha  data  Ha  la  too  cumbersome  to  work  with.  Rather,  the  parte  of  ha  case  that 
have  relevance  to  the  new  case  are  the  ones  to  focus  on.  How  can  these  parts  ba  determined?  At  any  lima  during  reason¬ 
ing,  the  raa sonar  has  a  set  of  reasoning  goals.  It  is  these  reasoning  goals  that  determine  which  parts  of  the  previous  case 
to  focus  on.  Reasoning  goals  are  the  set  of  things  It  Is  trying  to  make  conclusions  about.  Thus,  a  rsaeoner  that  has  to 
me  diale  a  dispute  will  have  goals  associated  with  finding  out  tie  goals  of  disputants  with  respect  to  toe  dtaputed  object, 
finding  out  about  other  related  goals  of  either  dtapulant,  Anting  out  how  Important  each  goal  la  to  each  dtaputant,  figuring 
out  what  kinds  of  compromises  wta  be  acceptable,  presenting  a  compromise  solution  to  each  side,  and  eventually,  modifying 
the  compromise  according  to  the  feedback  provided  by  disputants  and  persuading  each  aide  of  the  utility  of  the  aoiutton. 
Given  the  current  goal  ol  the  rea sonar,  focus  Is  directed  lo  those  parts  of  the  previous  case  that  are  relevant  to  fulfilling  that 
goal.  Thus,  when  a  mediator  is  reminded  of  a  case  while  tying  to  determine  how  Important  a  particular  goal  Is  to  a  dispu¬ 
tant,  It  wta  focus  on  how  important  the  goal  was  to  a  previous  disputant  and  what  gave  R  that  Importance.  When  N  Is  tying 
to  persuade  e  disputant  of  the  utility  of  a  compromise,  R  will  focus  on  the  way  that  type  of  compromise  wee  supported  pre¬ 
viously*. 

Where  do  these  goals  come  from?  One  can  think  of  s  general  purpose  rase  oner  that  Is  at  least  Initially  In  charge  of 
reasoning  goale.  As  a  problem  le  being  reasoned  about,  the  goals  and  aubgoais  that  must  be  achtoted  to  reeolve  R  are 
derived  by  that  rsaeoner .  In  Carbone#  (1983,  1986),  that  rsaeoner  le  a  means-ends  analysis  problem  solver  and  therefore 
derives  He  subgoals  by  comparing  the  current  and  goals  states,  deriving  that  difference*,  and  setting  up  goale  of  reducing 
those  dRfersnces.  In  Hammond  (1986)  and  Kolodner  (1985;  Kolodner,  et  el.,  1985;  Simpson,  1985;  Sycara,  1985),  the  eat 
of  goale  are  known  a  priori,  and  lha  rsaeoner  goes  through  the  set  of  goals  sequentially-  In  Kolodner  (1967),  CuNngford  6 
Kolodner  (1986),  toe  general  purpose  rsaeoner  Is  a  problem  reduction  problem  eokrer.  tnrttaly,  toe  goals  of  toe  case-baaed 
rsaeoner  are  derived  from  the  goale  of  toe  general  purpose  reeeonsr.  When  memory  rsfurne  a  oaee,  toe  ceeebaaed  rse- 
soner  takes  toe  case  along  with  toe  current  problem  solving  goals  and  attempts  to  achieve  tooee  goals  by  using  toe  case. 

*8ee  Kokxlnw,  1005;  Koiotjnw,  at  *1.,  1065:  8imp*on,  1965  lor  mors  about  this.  Cwborwll,  1963,  1966  dost  net  writs 
taxtul  tola  dfrectiy,  but  hit  method  In  eAsct  tocuses  In  this  way.  The  dtoerenee  In  the  two  method*  hae  to  do  with 
where  the  goal*  com*  from  rather  than  how  they  are  used  to  locus. 
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Later  goala  of  tha  case-based  raaaonar  may  ba  derived  by  the  case-based  reason er  whan  H  nsada  addWonal  tmowladge  to 
make  Its  Inferences  or  when  It  finds  that  focus  must  ba  changed  (Kolodner,  1887),  by  tha  case  that  la  racaied  from  memory 
(Carbonsl,  1886,  Hammond,  1886),  by  tha  general  purpose  raaaonar  (Kolodnar,  1887),  or  eiea  are  rsirlsved  from  tha  sat  of 
goals  Initially  set  for  the  program  (Hammond,  1886;  Simpson,  1885). 

Tha  third  step,  making  the  case-based  lnfersnce{s),  Is  tha  purpose  of  tha  others.  Race  I  that  at  this  point,  wa  have 
an  old  case,  we  have  a  problem  sotvsr  goal,  wa  have  focused  on  a  port  of  tha  old  oaao  that  la  to  ba  uood  ki  achieving  that 
goal,  and  wa  have  the  case  wa  are  currently  working  on.  The  purpose  of  tha  cess  based  Inference  la  to  achieve  the  goal 
for  the  now  case  based  on  the  old  one.  Tha  process  for  doing  this  depends  on  a  lot  of  considers Uona:  Was  the  previous 
case  a  success  or  a  failure?  Was  the  part  we  are  focussing  on  responsible  for  tha  failure  or  not?  Old  K  change  as  a  result 
of  re-evaluatlon?  Is  there  a  value  that,  when  derived,  will  achieve  tha  goal,  and  If  so,  la  that  value  ava labia  In  the  old  case? 
Oo  we  know  how  that  value  was  derived  for  the  old  case?  Was  H  by  an  ’easy*  or  a  "complex"  sat  of  reasoning  steps?  Do 
wa  know  why  the  value  from  tha  previous  case  was  appropriate?  Do  wa  know  why  tha  method  of  deriving  that  value  previ¬ 
ously  was  appropriate?  If  achievement  of  tha  goal  Is  not  dons  by  aim  pie  derivation  of  a  value,  do  we  have  a  generalized 
schema  that  explains  how  the  goal  was  achieved  previously?  If  no  schema,  do  we  have  the  set  of  atapa?  Is  our  goal  to 
derive  a  plan  or  Is  It  to  derive  a  feature  value? 

The  answers  to  this  set  of  questions  determine  which  of  a  voriefy  of  case-based  Inference  methods  ought  to  be  used. 
Transfer  and  modification  of  a  value  or  a  frame  Is  one  method.  It  la  the  method  employed  In  Carboneil  (1883),  Hammond 
(1886),  Simpson  (1885),  Sycara  (1885),  Kolodner,  at  at.  (1885).  Alternatively,  the  conditions  under  which  a  previous  deci¬ 
sion  wae  made  can  be  taken  Into  account,  In  which  case  the  case -based  inference  lands  to  be  a  tanafer  of  the  method  of 
decision  making  or  the  inference  rules  used  previously  rather  than  a  value.  These  methods  were  initially  desorbed  In  Car¬ 
bone!  (1883)  and  (1886)  and  called  tranaformaftonaf  and  demrattonef  analogy,  respectively.  He  proposed  them  as  methods 
for  deriving  a  plan.  We  propose  that  both  methods  can  be  used  any  Nme  oese -based  hfsrencs  is  aellsd  tar,  gfee  a  sst  of 
slaps  for  sach,  and  give  heuristics  for  choosing  between  them.  Answers  to  some  of  the  questions  above  defer  mbs  which 
ahoudi  be  used  at  any  lime.  Because  derivational  analogy  la  mas  time -consuming  then  freneformsbonel  analogy,  for  exam¬ 
ple,  N  la  used  only  V  transformational  analogy  can  be  easily  ruled  out  or  V  problems  are  obviously  from  afferent  domains. 
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Another  case-based  Inference  method  la  more  schema-based  (see,  e.g.,  Holy  oak  (1984)).  In  this  method,  the  currant  and 
previous  oases  are  compared  and  a  schema  deecrbing  the  similar  Wee  o f  the  problem  statements  la  rtoerrbal  (Shinn, 
1987).  The  schema  must  be  such  that  H  can  be  used  to  deecrbe  both  problem  statements.  The  schema  Is  then  broadened 
to  deecrbe  be  solution  to  the  previous  problem,  and  the  new  problem  Is  solved  by  applying  the  schema  to  that  problem.  In 
principle,  It  should  be  possible  through  this  method  to  derive  real  problem  solver  shortcuts  by  storing  the  derivations  of  the 
reasoning  steps  In  the  schema  where  they  do  not  have  to  be  considered  during  later  problem  solving  except  when  some¬ 


thing  goes  wrong.  This  is  not  possible  with  kansformattonal  or  derivational  analogy  by  them  selvas. 

While  these  three  methods  are  the  ones  that  are  applicable  when  the  previous  case  resulted  h  success,  additional 
reasoning  must  go  on  when  the  previous  case  resulted  In  (allure  (Carbonelt,  1986,  Kolodner,  1987).  In  this  case,  the  condi¬ 
tions  under  which  previous  values  were  computed  and  the  set  of  steps  used  to  to  make  decisions  are  checked  against  the 
new  case  to  see  H  the  same  potential  for  failure  exists.  The  previous  case  may  also  provide  suggestions  to  be  problem 
solver  of  how  to  proceed.  In  essence,  be  reasoning  that  goes  on  hare  Is  a  special  case  of  derivational  analogy. 

b  short,  the  steps  that  must  be  followed  to  capitalize  on  a  previous  failure  are*:  (1)  determine  what  was  responsible 
for  the  previous  (allure,  if  possible  (bis  may  already  be  recorded,  and  V  not,  some  short  amount  of  Hme  Is  spent  attempting 
to  derive  it),  (2)  direct  reasoning  focus  to  be  decision  In  the  new  problem  that  la  analogous  to  the  one  bat  caused  the 
failure  In  the  previous  one  (this  may  be  be  one  currently  being  focuseed  on  or  one  bat  Its  correct  solution  Is  dependant  on), 
(3)  check  for  the  potential  for  the  same  failure  in  the  new  case,  either  by  seeing  If  the  explanation  of  the  previous  failure 
holds  tnt  he  new  esse  or  by  checking  be  reasons  why  be  previous  decision  was  made  and  seeing  If  be  earns  Justifications 
might  apply  In  the  new  case  (bis  step  may  require  additional  ^formation  gathering),  (4)  If  not,  potential  for  error  la  not 
there,  so  return  to  be  Interrupted  step  and  keep  going,  (5)  V  so,  rule  out  the  previous  errorful  decision  as  a  possfcMty  for 
the  current  case,  and  If  be  previous  case  was  finally  resolved  correctly,  deter  mbs  I  the  decision  made  when  H  was 
resolved  correctly  Is  applicable  to  the  new  case,  (6)  V  so,  use  It  as  a  suggestion  for  a  oaae-based  Inference,  (7)  V  stop  2 
redirected  focus,  ban  redo  whatever  decisions  must  be  radons  as  a  result  (l.e.,  fotow  dependencies)  and  return  to  be  rea¬ 
soning  stop  that  was  Interrupted. 

*Of  course,  It  is  mere  complex  than  be  eel  of  steps  shown  hsra,  but  bass  slaps  form  tha  core  of  the  procseeing.  See 
Kolodner  (1967)  lor  more  detail. 


t 
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Because  this  processing  requires  knowing  why  previous  decisions  were  made,  what  other  dads  Iona  previous  deci¬ 
sions  were  dependent  on,  and  what  was  responsible  previous  failures,  there  nv.it  be  both  a  representational  system  and  a 
bookkeeping  system  that  keep  track  of  this  knowledge.  Our  solution  to  the  representational  problem  Is  to  have  “value 
frames”  (Kolodner,  1986)  associated  with  each  value  recorded  by  the  system*.  Each  lima  the  problem  sober  makes  a 
decision,  K  records  Its  decision  In  the  appropriate  place  and  also  records  what  led  It  to  that  decision.  Value  frames  Include 
facets  for  a  value,  other  values  that  were  suggested  as  alternatives,  ruled  out  values,  conditions  that  ware  considered  In 
choosing  the  value,  and  the  Inference  rule  or  method  or  set  of  etspe  used  to  make  the  decision.  Each  Inference  rule  that  Is 
recorded  has  three  parts  to  It:  the  rule  body,  the  bindings  that  wore  used  In  this  Instance,  and  the  source  of  those  bindings 
(l.e.,  where  In  the  problem  description  can  the  values  used  In  the  bindings  be  found).  In  addition  to  supporting  the  process¬ 
ing  deecrbed  above,  the  knowledge  found  In  value  frames  also  supports  case-baaed  Inference  In  general. 

While  value  frames  keep  the  justifications  for  sach  decision,  pointers  in  the  other  (fraction  are  needed  when  the  prob¬ 
lem  sober  needs  to  retract  an  already-made  decision.  Our  solution  has  been  to  Integrate  a  fruth -maintenance  type  system 
with  our  problem  sober  (Kolodner,  1987). 

3.  Implementations 

In  an  attempt  to  be  able  to  come  up  with  results  that  cut  across  several  different  problem  sobktg  methods  and  styles, 
we  have  looked  at  expert  task  domains,  such  as  psychiatric  diagnosis  and  labor  mediation,  and  common -sense  task 
domains,  such  as  solving  everyday  resource  problems,  gblng  advice  about  acquiring  household  appliances,  and  most 
recently,  meal  design. 

An  early  Implementation  of  a  case-baaed  rea sorter  to  come  out  of  our  group  ie  the  MEDIATOR  (Simpson,  1985, 
Kolodner,  st  at.,  1985),  a  program  that  usee  case-based  reasoning  to  understand  and  resobe  disputes  In  a  oommon-sense 
way.  Thera  art  several  major  points  Mu*  fra  ted  by  the  MEDIATOR  project.  Ffrst,  N  showed  that  case-based  Inference  to 
appropriate  for  any  kind  of  Nerenee  that  needs  to  be  made,  provided  the  appropriate  previous  cases  art  avafebie. 
Second,  It  showed  how  at  toast  some  reasoning  shortcuts  are  allowed  with  case-based  reasoning.  Thfrd,  the  MEDIATOR 


*Value  frames  hold  essentially  the  tarns  things  Carbonell  (1966)  claims  vs  neoeeaary  tar  derivational  analogies. 


Musirated  that  tf  the  reasoning  proems  keeps  Its  reasoning  goals  explicit ,  than  the  case-based  reasoning  process  can  be 
directed  by  those  goals.  While  reminding  depends  on  the  description  of  the  whole  case,  aoceas  to  parts  of  the  previous 
case  was  deserbed  as  demand-driven,  where  demand  is  supplied  by  the  ree sorter's  goals. 

There  are  many  problems  that  the  MEDIATOR  did  not  address,  however,  and  much  of  what  appears  In  this  abstract 
Is  a  result  of  analysis  of  the  MEDIATOR'S  sfrengths  and  weakneees.  Ws  are  currently  addressing  the  problems  deecrbed  In 
this  paper  and  others  in  the  context  of  two  projects.  Our  JULIA  project  (CuIRrtgford  A  Koto dner,  1986,  Kotodnsr,  1987),  an 


attempt  to  design  an  automated  colleague  that  acts  aa  a  caterer's  assistant.  JULIA'S  case  based  rsasoner  slows  Interacts 
with  a  problem  reduction  problem  solver  that  maintains  a  network  of  JULIA’S  reasoning  goals  and  a  vary  bn  Mad  reason 
maintenance  system  that  keeps  track  of  the  dependencies  between  decisions  that  have  bean  made.  When  JULIA  Is  more 
complete,  the  problem  reduction  problem  solver  wfll  also  know  how,  In  general,  to  achieve  thoee  goals,  and  wM  also  Include 
a  constraint  propagator;  a  more  sophisticated  condition  checker  and  reason-maintenance  system;  and  a  full  natural  language 
system.  Our  car  mechanics  project  Is  an  attempt  to  look  at  learning  from  experience  In  a  real  world  domain. 
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